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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1, This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] From the powder of nickel content hydrogen storing metal alloy with which the coat of nickel 
oxide or nickel hydroxide exists in a front face at least In the method of producing a hydrogen storing 
metal alloy electrode before electrode production nickel content hydrogen storing metal alloy powder It 
has the process held in the hydrogen gas atmosphere maintained by the temperature to which the 
occlusion of the hydrogen gas to an alloy does not happen. The production method of the hydrogen 
storing metal alloy electrode characterized by making hydrogen gas act on a powder front face, returning 
nickel oxide or nickel hydroxide which exists in a powder front face, and exposing the activity side of 
nickel on a powder front face. 

[Claim 2] The powder of nickel content hydrogen storing metal alloy is the production method of the 
hydrogen storing metal alloy electrode containing Co according to claim 1. 

[Claim 3] The production method of a hydrogen storing metal alloy electrode according to claim 1 or 2 
of having the process immersed in acid solution in nickel content hydrogen storing metal alloy powder 
before holding in hydrogen gas atmosphere. 

[Claim 4] The production method of a hydrogen storing metal alloy electrode according to claim 1 or 2 
of having the process flooded with a 60-100-degree C alkaline-water solution in nickel content hydrogen 
storing metal alloy powder before holding in hydrogen gas atmosphere. 

[Claim 5] Nickel content hydrogen storing metal alloy powder is the production method of a hydrogen 
storing metal alloy electrode given in any of the claim 1 characterized by being the powder prepared by 
the gas atomizing method, or a claim 4 they are. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to.which invention belongs] this invention relates to the hydrogen storing 
metal alloy electrode produced using the powder of the hydrogen storing metal alloy containing 
especially nickel about the hydrogen storing metal alloy electrode used as a negative electrode of 
metal-hydride batteries, such as an alkaline battery. 
[0002] 

[Description of the Prior Art] The rechargeable battery which used occlusion / property of a 
hydrogen storing metal alloy to emit in reversible is known in hydrogen. As this rechargeable 
battery, there are metal-hydride batteries, such as an alkaline battery which used the hydrogen 
storing metal alloy for the negative electrode. A metal-hydride battery has a large energy density 
and attracts attention as a rechargeable battery of the next generation which replaces a Ni-Cd 
battery. The hydrogen storing metal alloy electrode used for a negatiye^tedajxie fabricates the 
powder which ground the ingot of a hydrogen storing metal alloy^ y sinteringj tc, and is 
produced. If it touches even when they are few to air, since the frorirtace ot hydrogen storing 
metal alloy powder is very activity, it will react with the oxygen in air immediately, an alloy 
front face will oxidize, and the coat of an oxide will be formed. An oxide coat reduces the degree 
of surface activity of an alloy, and causes [ of the initial service capacity of a battery ] a fall 
especially. For this reason, after assembling a cell, number 10 cycle repeat ******** and the 
oxide coat needed to be removed for charge and discharge from the number cycle on the cell, the 
powder front face needed to be activated, desired service capacity needed to be satisfied, and 
time and effort and time were required. 

[0003] In order to remove the oxide coat on the front face of powder conventionally, there is a 
method of performing f, acid treatment" immersed in a hydrochloric acid in hydrogen storing 
metal alloy powder (JP,5-225975,A). Although this acid treatment is effective in reduction of the 
coat of a rare-earth-metal oxide among the oxide coats of a hydrogen storing metal alloy powder 
front face, it is not so effective in reduction of the coat of nickel oxide, and is in the inclination 
for nickel hydroxide to be formed. Moreover, if acid treatment using the hydrochloric acid is 
performed, in order for a chloride ion to remain on the front face of hydrogen storing metal alloy 
powder, it is necessary to perform rinsing processing and to remove a chloride ion after acid 
treatment. However, it is during this rinsing processing un-arranging [ for which the activated 
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alloy front face oxidizes again by underwater dissolved oxygen ]. 
[0004] 

[Problem(s) to be Solved by the Invention] In the case of the powder of the hydrogen storing 
metal alloy containing nickel indispensable to electrode formation, nickel mainly serves as the 
active spot of hydrogen absorption/release reaction among the element components which exist 
in a powder front face. Therefore, as for nickel portion on the front face of an alloy of each 
powder, it is desirable to make it expose with an active state as in large quantities as possible. 
[0005] The purpose of this invention is offering the hydrogen storing metal alloy electrode which 
can raise the degree of initial activity of the hydrogen storing metal alloy electrode produced, and 
can reduce the number of times of a charge-and-discharge cycle required for the initial activity of 
an electrode by returning coats, such as nickel oxide which exists in the front face of hydrogen 
storing metal alloy powder, or nickel hydroxide, before electrode production. 
[0006] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, this 
invention returns the coat on the front face of powder with hydrogen gas, and it is made for 
nickel activity side to expose it to a powder front face by carrying out suitable time maintenance 
of the powder of nickel content hydrogen storing metal alloy with which the coat of nickel oxide 
or nickel hydroxide exists in a front face at least before production of a hydrogen storing metal 
alloy electrode in the hydrogen gas atmosphere maintained by the temperature to which the 
occlusion of the hydrogen gas to an alloy does not happen. 

[0007] It is because hydrogen gas will not be contributed to reduction of the coat of the oxide of 
an alloy-powder body surface or a hydroxide but it will be absorbed inside the surface shell of an 
alloy-powder object, if carrying out temperature of hydrogen gas atmosphere to more than the 
temperature to which a hydrogen storing metal alloy does not carry out occlusion of the 
hydrogen gas holds a hydrogen storing metal alloy in a low-temperature hydrogen gas 
atmosphere rather than this temperature. If the temperature of hydrogen gas atmosphere rises, the 
balanced hydrogen pressure of a hydrogen storing metal alloy will become high, hydrogen 
absorption of an alloy will not take place, and the hydrogen gas in atmosphere will act on coats, 
such as an oxide which exists in a fine-particles front face, will return nickel oxide on the front 
face of an alloy etc., and will change it into the metal state of nickel. The upper limit of the 
temperature requirement of hydrogen gas atmosphere has the desirable temperature in which the 
organization of a hydrogen storing metal alloy does not receive the diffusion by heat 
substantially. It is because the activity of the alloy itself will fall if a hydrogen storing metal alloy 
is [ an organization ] in disorder in response to a thermal effect. Although based also on the kind 
of alloy, when the temperature of hydrogen gas atmosphere is the case of 
MmNi3.1CoA10.3Mn0.6 which carries out a postscript, it is desirable to process at about 100 
degrees C - 500 degrees C. 

[0008] In order for hydrogen gas to prevent being absorbed in an alloy, it is necessary to set up 
lower than the balanced hydrogen pressure of the hydrogen storing metal alloy in the above- 
mentioned temperature requirement the pressure of the hydrogen gas atmosphere which performs 
reduction processing. Moreover, in order to prevent that impurity gas mixes into hydrogen gas 
atmosphere from the exterior of processing atmosphere, it is necessary to make the pressure of 
hydrogen gas atmosphere into a pressure higher than atmospheric pressure, and, generally it is 
appropriate for it to carry out even by lOatm exceeding atmospheric pressure. It is desirable to 
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carry out by 1 . 1 atm-5atm especially. In order to acquire the best property, 2atm-5atm is 
desirable. 

[0009] Let the holding time in the inside of hydrogen gas atmosphere be sufficient time so that 
the coat of nickel oxide on the front face of an alloy or nickel hydroxide may be returned 
completely. Specifically, although based also on the throughput in the end of an alloy powder, 
and other conditions, 0.5 hours or more are desirable. 
[0010] 

[Embodiments of the Invention] The manufacture method of hydrogen storing metal alloy 
powder is not limited to a specific method, and can be acquired by mechanization trituration, 
hydrogenation trituration, the gas atomizing method, etc. In addition, if it applies to the powder 
prepared by the gas atomizing method, hydrogen gas reduction processing of this invention will 
do the especially excellent effect so, as explained in full detail in the example 2. Reduction 
processing by the hydrogen gas of this invention may be directly performed to the obtained 
hydrogen storing metal alloy powder, and after giving the above-mentioned acid treatment or the 
alkali treatment which carries out a postscript to hydrogen storing metal alloy powder, you may 
perform it. 

[001 1] An alkali treatment is processing which raises powdered corrosion resistance by flooding 
the prepared hydrogen storing metal alloy powder with an about 60 degrees C - 80 degrees C 
alkaline-water solution, and forming the coat of a uniform oxide and a hydroxide in a powder 
front face (for example, refer to JP,63-175339,A). In order to remove the residual component of 
an alkaline-water solution, after an alkali treatment is rinsed and it is desirable to make it dry. 
Potassium-hydroxide solution can be used as an alkaline-water solution. If the coat of nickel 
oxide and nickel hydroxide is beforehand formed in the powder front face, since nickel 
concentration on the front face of powder will increase according to an alkali treatment, the 
amount of nickel returned to a metal state on a powder front face increases by subsequent 
hydrogen-reduction processing, and there is an advantage whose activity side of nickel increases. 
[0012] Production of the electrode from hydrogen storing metal alloy powder which performed 
reduction processing by hydrogen gas can be performed by the well-known method. For 
example, an electrode can mix this powder with a binder, can produce a paste, can plaster axes, 
such as a punching metal, foaming metal, and a nickel mesh, with this paste, and can obtain it by 
cutting in a desired size after dryness. In addition, to a paste, electric conduction material, such 
as nickel powder, is also mixable if needed. 

[0013] Although the reduction processing by hydrogen gas is [ as opposed to / the coat of nickel 
oxide formed in a hydrogen storing metal alloy powder front face, or nickel hydroxide / 
especially ] effective, the reduction effect to a metal state is similarly acquired to Co oxide or Co 
hydroxide in addition to nickel. 
[0014] 

[Example] Hereafter, an example is given and this invention is explained. 

an example 1 - in this example, after performing hydrogen gas reduction processing to the 

hydrogen storing metal alloy powder obtained by the machine grinding method, the electrode for 

examination cells and the electrode for alkaline batteries were produced, the examination cell 

and the alkaline battery were assembled and initial service capacity was investigated, 

respectively 

The hydrogen storing metal alloy used in the [powdered manufacture] example used what 
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contains Mm (misch metal), nickel (99.9% of purity), Co, aluminum, and Mn at a rate of a mole 
ratio 1.0:3.1:1.0:0.3:0.6, and is expressed with empirical-formula MmNi3.1CoA10.3Mn0.6. 
Hydrogen storing metal alloy powder is prepared by the mechanization grinding method by 
about 80 micrometers of mean particle diameters, and the coat of an oxide is formed in the 
powder front face. 

It was immersed in the 0.5-N hydrochloric acid at the room temperature for 2 hours, and rinsing 
dryness of the [acid-treatment] hydrogen storing metal alloy powder was carried out after suction 
**** 

Immersing processing of the [alkali-treatment] hydrogen storing metal alloy powder was carried 
out 30 80-degree C% of the weight for 2 hours at potassium-hydroxide solution, and rinsing 
dryness was carried out after suction ****. 

After filling up with and carrying out evacuation of the [reduction processing by hydrogen gas] 
hydrogen storing metal alloy powder to the heatproof and proof-pressure container made from 
stainless steel, it heated at 300 degrees C, the hydrogen gas of 2atm(s) was introduced in the 
container maintained by 300 degrees C, and it held for 0.5 hours. 

[0015] 0.5g of [production of electrode for examination cells] each hydrogen storing metal alloy 
powder was mixed with O.lg (polytetrafluoroethylene : PTFE) of binders, the foaming nickel 
porous body was filled up, pressing was carried out by 1.2 ton/cm2, and the hydrogen storing 
metal alloy electrode with a diameter of 20mm was produced. 

The examination cell (1) using the hydrogen storing metal alloy electrode [assembly of an 
examination cell] Obtained as a negative elect rode (2) wa s assembled. As an examination cell (1) 
is shown in drawing 1 , hanging support o£thTsinteringTbnnula nickel pole of the shape of a 
cylinder which is the hydrogen storing me^aLalloy^kcl£^e and positive electrode (3) which are 
a negative electrode (2), and the sintering formula nickel pole of the tabular which is a reference 
pole (4) is carried out, respectively from the top cover (12) of a cylinder-like the airtight 
container made from polypropylene (1 1). The top cover (12) is equipped with the relief pipe (14) 
which consists of a pressure gage (15) and a relief valve (relief valve) (16). The interior of a 
container (1) is filled up with 30% of the weight of potassium-hydroxide solution (L). A positive 
electrode (3) is an electrode with an electrochemistry capacity bigger enough than the hydrogen 
storing metal alloy electrode of a negative electrode, and is supported by the positive-electrode 
lead (31) which penetrates a top cover (12). Moreover, the negative electrode (2) is supported by 
the negative-electrode lead (21) which penetrates a top cover (12) so that it may be located in the 
cylinder of a positive electrode at right angles to a center almost. The other end of a positive- 
electrode lead (31) and a negative-electrode lead (21) is connected to the positive-electrode 
terminal (32) and the negative-electrode terminal (22) in the upper part of a top cover, 
respectively. The relief pipe (14) is formed in order that the internal pressure of a container may 
prevent going up more than place constant pressure, and the internal pressure of a container is 
kept constant by regulation of a relief valve (16). 

As a negative electrode of the examination cell of the [measurement of initial service capacity of 
examination cell] above-mentioned composition, under ordinary temperature, after charging for 
8 hours and stopping by 50 mA/g for 1 hour, each sample offering electrode was used, it 
discharged to electric discharge pause voltage 0.9V by 50 mA/g, and the charge-and-discharge 
cycle which makes 1 cycle the process stopped for 1 hour was performed, and initial service 
capacity (mAh/g) was measured. 
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[0016] After having mixed each hydrogen storing metal alloy powder 100 weight section for 
[production of electrode for alkaline batteries] sample offering, and the solution 20 weight 
section of 5 % of the weight (PEO) of binder polyethylene oxides, having prepared the paste, 
plastering with this paste both sides of the axis which consists of a punching metal which 
performed nickel plating and drying at a room temperature, it cut in the predetermined size and 
the hydrogen storing metal alloy electrode was produced. The positive-electrode rule type 
alkaline battery (cell capacity lOOOmAh) of AA size was produced by using this hydrogen 
storing metal alloy electrode as a negative electrode. 

A positive electrode (6) and a negative electrode (7) are in the state rolled round through 
separator (8), and [assembly of alkaline battery] alkaline battery (5) is held in the negative- 
electrode can (51), as shown in drawing 2 . A positive electrode (6) is connected to a lid (52) 
through a positive-electrode lead (61), and the negative electrode (7) is connected to the 
negative-electrode can (51) through the negative-electrode lead (71). The interior of a negative- 
electrode can (51) is filled up with the electrolytic solution, insulating packing (53) is prepared in 
a joint with a lid (52), and the cell is sealed. It is the composition that the positive-electrode 
external terminal (62) is coordinated with the upper part of a lid (52) through the coil spring (54), 
a coil spring (54) will be compressed if cell internal pressure carries out unusual elevation, and 
the gas msjdjLa-cell is emitted into the atmosphere. The positive electrode (6) used the well- 
knowif^^fing ; Ibrm^^ckel pole, separator (8) used the alkali-proof nonwoven fabric, and 
the aeutiulytit^Uirr^ n^ised 30% of the weight of potassium-hydroxide solution. 
About each alkaline battery which uses as a negative electrode the electrode which consisted of 
each hydrogen storing metal alloy powder for [measurement of initial service capacity of 
alkaline battery] sample offering, after charging by current 0.2C in ordinary temperature for 6 
hours, it discharged to 1 .0V by current 0.2C, and initial service capacity (service capacity of 1 
cycle eye, mAh) was measured. 

[0017] About each hydrogen storing metal alloy powder for a [test-result] sample offering, the 
measurement result of the initial service capacity of an examination cell and the initial service 
capacity of an alkaline battery is shown in Table 1 with the existence of acid treatment and an 
alkali treatment, and the existence of hydrogen gas reduction processing. 
[0018] 
[Table 1] 



[0019] In Table 1, it means that "O" mark performed the processing concerned among the 
column of acid treatment, an alkali treatment, and hydrogen gas reduction processing, and means 
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that "x" mark did not perform the processing concerned. Even if the electrode which consists of 
sample offering powder No.l-No.3 which performed reduction processing by hydrogen gas is the 
service capacity (mAh/g) per unit weight compared with the electrode which consists of powder 
No.4-6 which have not performed reduction processing by hydrogen gas and it is the service 
capacity (mAh) of an alkaline battery, initial service capacity is large and it excels in initial 
activity, so that clearly from the result of Table 1 . When this performs reduction processing by 
hydrogen gas to hydrogen storing metal alloy powder, the oxide coat formed in nickel and Co 
portion on the oxide coat on the front face of powder, especially the front face of powder is 
returned to a metal state, and a powdered front face is considered to have become activity. 
Moreover, the electrode.by which the electrode produced from powder No.2 which gave acid 
treatment or the alkali treatment among the powder which performed reduction processing by 
hydrogen gas, and No.3 was produced from powder No. 1 which has performed neither of acid 
treatment and an alkali treatment of the processings shows that initial service capacity is further 
excellent. The coat of a surface oxide is considered that No.2 were already removed to some 
extent by acid treatment before hydrogen gas reduction processing. No.3 are considered because 
many coats, such as nickel oxide formed in the powder front face of the alkali treatment, nickel 
hydroxide, Co oxide, and Co hydroxide, were returned by the metal state of nickel and Co by 
subsequent hydrogen gas reduction processing. 

[0020] an example 2 in this example, after performing hydrogen gas reduction processing to 
the hydrogen storing metal alloy powder obtained by the gas atomizing method, the electrode for 
examination cells and the electrode for alkaline batteries were produced, the examination cell 
and the alkaline battery were assembled, and the initial service capacity which comes out, 
respectively was investigated Except [ all ] the method of producing the used powder, it is the 
same as an example 1. In addition, the gas atomizing method used here sprays an alloy molten 
metal by argon gas, and makes it form spherically. About each hydrogen storing metal alloy 
powder for a sample offering, the measurement result of the initial service capacity of an 
examination cell and the initial service capacity of an alkaline battery is shown in Table 2 with 
the existence of acid treatment and an alkali treatment, and the existence of hydrogen gas 
reduction processing. 
[0021] 
[Table 2] 



[0022] Even if the electrode which consists of sample offering powder No.7-No.9 which 
performed reduction processing by hydrogen gas is the service capacity (mAh/g) per unit weight 
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compared with the electrode which consists of powder No. 10- 12 which have not performed 
reduction processing by hydrogen gas and it is the service capacity (mAh) of an alkaline battery, 
initial service capacity is large and it excels in initial activity, so that clearly from Table 2. Thus, 
the gas atomization powder of an example 2 is also known by that the same inclination as the 
machine pulverized-powder end of the above-mentioned example 1 is shown. In addition, if 
powder No.6-8 of Table 2 are compared with powder No. 1-3 of Table 1, service capacity is [ 
latter one ] large a little. As this reason, the direction of the powder produced by the gas 
atomizing method is considered because the powdered surface area is larger than near and the 
end of a machine pulverized powder by the globular form. Moreover, the initial service capacity 
(examination cell : 285 mAh/g, an alkaline battery : 820 mAh) of powder No.l, and the initial 
service capacity of powder No. 10 of Table 2 (examination cell : 170 mAh/g, an alkaline battery : 
580 mAh) and the initial service capacity (examination cell : 292 mAh/g, an alkaline battery : 
840 mAh) which is powder No.7 are further measured as the initial service capacity of powder 
No.4 of Table 1 (examination cell : 222 mAh/g, an alkaline battery : 620 mAh) The R/C of initial 
service capacity is more remarkable in the hydrogen storing metal alloy powder obtained by the 
gas atomizing method from this than the alloy with which the direction in the end of an alloy 
powder hydrogen gas reduction processing was performed performed hydrogen gas reduction 
processing in the end of the mechanization pulverized powder of casting. Therefore, it turns out 
that this invention method does so the effect in which the direction carried out rather than the 
mechanization pulverized-powder end of casting to the hydrogen storing metal alloy powder 
obtained by the gas atomizing method was more excellent. 

[0023] an example 3 - in this example, using X-ray photoelectron spectroscopy (XPS), 
powdered surface analysis was performed before and after hydrogen gas reduction processing, 
and the oxide or hydroxide of nickel and Co which exists on the surface of powder measured 
whether it would actually be returned to the metal state The result related with drawing 3 and Co 
in the result related with nickel is shown in drawing 4 . In addition, composition of a hydrogen 
storing metal alloy is MmNi3.1CoA10.3Mn0.6, and powder used the end of a mechanization 
pulverized powder. Although the peak of nickel oxide and nickel hydroxide was higher than the 
. metal atom of nickel before hydrogen gas reduction processing when drawing 3 was referred to, 
after hydrogen gas reduction processing, ****** detection of nickel oxide and the nickel 
hydroxide is not carried out, and it turns out that the peak of the metal atom of nickel is still 
higher. When drawing 4 is referred to, although the peak of Co hydroxide was higher than the 
metal atom of Co, before hydrogen gas reduction processing, it turns out like [ Co ] the case of 
nickel that the relative intensity of Co hydroxide falls and the peak of the metal atom of Co is 
high instead of this after hydrogen gas reduction processing. From the result of drawing 3 and 
drawing 4 , it is understood that nickel oxide which exists in a powder front face, nickel 
hydroxide, and Co hydroxide are returned to the metal state by hydrogen gas reduction 
processing. 

[0024] an example 4 - in this example, the temperature of hydrogen gas atmosphere was 
changed, hydrogen gas reduction processing of hydrogen storing metal alloy powder was 
performed, from these powder, the electrode was produced by the same method as an example 1 
and an example 2, it applied to the examination cell and the alkaline battery, and the spark test 
was performed The result is shown in Table 3. In addition, composition of the used hydrogen 
storing metal alloy is MmNi3.1CoA10.3Mn0.6. 
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[0026] Sample offering powder No. 1 3 -No. 1 7 are the powder obtained by machine trituration 
among Table 3, and No.18-No.22 are the powder obtained by the gas atomizing method, both of 
the powder shows the value with high initial service capacity for the service capacity (mAh/g) 
per unit weight, and the service capacity (mAh) of an alkaline battery, when the temperature of 
hydrogen gas atmosphere is 100 degrees C - 500 degrees C -- that whose temperature of 
hydrogen gas atmosphere it receives and is 50 degrees C and 550 degrees C - initial service 
capacity - a low As this reason, when the ambient temperature of hydrogen gas is 50 degrees C, 
hydrogen gas is considered because it will be absorbed inside from the front face of fine 
particles, without performing an oxide-skin reduction operation of a fine-particles front face. 
Moreover, when the ambient temperature of hydrogen gas is 550 degrees C, strongly in response 
to the fact that the influence of heat, an organization is in disorder, and a hydrogen storing metal 
alloy is considered because the activity of an alloy fell. 
[0027] 

[Effect of the Invention] Since coats, such as nickel oxide formed in the powder front face by 
performing hydrogen gas reduction processing to hydrogen storing metal alloy powder like the 
above, nickel hydroxide, Co oxide, and Co hydroxide, can be returned to the metal state of nickel 
and Co, as for a powdered front face, activity becomes high. Therefore, the electrode produced 
from the powder which performed this processing is excellent in activity, and since initial service 
capacity is also high, it can lessen the number of times of the charge-and-discharge cycle 
performed after including an electrode in a cell etc. 

[0028] Explanation of the above-mentioned example is for explaining this invention, and you 
should not understand it so that invention of a publication may be limited to a claim or the range 
may be ****(ed). Moreover, each part composition of this invention of deformation various by 
technical within the limits given not only in the above-mentioned example but a claim being 
possible is natural. 
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powder is reduced by the hydrogen gas, so that a nickel 
active surface is exposed to the surface of the powder. If 



the hydrogen storage alloy is reserved under the hydrogen 
gas atmosphere at a temperature lower than the 
above-described temperature, it is absorbed inward of the 
alloy powder since the hydrogen gas cannot contribute to 
the reduction of the coating film made of oxide or 
hydroxide covering the alloy powder. 
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[0 0 0 5] *«MOB65tt. 7K*®jg 
^»*©*ii:#6t5N i BKb4»;*fc*N i frmtgo 

^^(omm.^nh't^ t <dx% 

[0 0 0 6] 

4<tt)Ni BtfbftXttN i *^b4*^»/e-* s #&-f-6 
N i ^*tK*KK^^»*S:, ^&^<o**;*f.xcc>« 

[0007] 7kmjfx2zm^<D&m&^ tk*®*^^ 
-&^»ff*ffio«Mb»xtt7k«jb*<o 

ff*ffi^??SE-rsswb«^^»«s^fflu 

N i »jb»«?ara5£LT, N i c7)^JS#tft8ici-^ 0 7k^ 

tt. 'S'&OaS^tJ:*^, SEtSMmN i 3. iC o 
A 1 o. 3 Mno.6^fc'i, ^ 1 0 0°C~5 0 0°CX& 



(3) 

3 

5* — JttWJctt, ^E^lx.t, 1 
Oatm^TT'ff^ 9 - k ^og^Tfe^o 1 - 1 atm 

— 5atm-etT*5-t*M*LV\ fifitf>4#14«r : ^5 10 
2 atnr— 5 atm^S* H#\> 
[0 0 0 9] TKiR^f^Sffl^^T^iftfiF^tt, 
g^)N i SMfcftXttN i 7K^ft^ffi^^^(-il7t$ 

tea*. -?:Ofife*#^>b«t*^ 0.5B#raW-h^M^ 

[0 0 10] 

il^tea^ #^7 h-^>f XjfelcJ:oTBiaS$^c»* 

[ooii] rj^v^ma, mm^tht^m^m^ 

m§ o°c-8 o°C(DT;u% y*»ffii;ijf«fU 

. #M0g 63-175339 #fig) Q T7P;*7 y Ma 
ifeU ttJftSlirS^irdsa^LV^ T/u#y*?SJSiL 

^ y teatci o , »**b^n i ^kft&rj^N i TkBHfc 

ifx.S*J^s&6o 40 
[0 0 12] 7k*^{-<t6il5c*Q.aSrffiL^:**K« 

fc*3. ^ hi^tt. ^Sf-/Ci:r^^^/^* 

[0 0 13] **^icj;sa5utegtt, 
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4 

[0014] 

ffl««fcr>>u#y««ftJS««&fEa8U =fe*. 

U i/i/^L^ ^yO'h N i (Jffi^9 9. 9%h C o N A 
1 , M n ^^e/UM: 1.0:3.1:1.0:0.3:0.6 
cOfij^T'a W*MraN i 3 . i C o A 1 c . 3 M n 

tt, ««^»*«fe«c: J: 9 ¥i©3KS#?J 8 0// mtcHM £ 

ic2B*KISSU »5IWS0>«* *8fctt*Lfc 0 
[T7i^ y tea] 7K*KK^^*Sr, 8 0 °C<D 301 

y * atk^^ 2 ^gj«tea u «3iat 

bKift^tciSil^tea] **«j*&&tfc*:«\ ^ 

3 0 OttCj&nft&U 3 0 0°C(cSi^$tbfc^^rt^2at 
m07K3R^Sr*AL, 0 . 5 B#fH«fiFLfc 0 
[0015] [K»-fe^ffloSffiofPSt] 

y:PTFE)0.1gtI^ LTUfi^ 5/ ^7l^?L{£tC 
3fc«U 1. 2 ton/cm 2 "eJPEE^c^LX, jES2 0mmO7K 

(2)k LXffl^7t^ir/v(i)^ffi^i:Tfc 0 

HI 1 \z.7jk-ftm < , Rft^^y/ntVyM 

IB««(ll)0±a(l2)^P>, :ft«(2)^&5 7K*»*& 
iEtt(3)-rfcsn«tt^«3|sSa;^s/^vaii:. 

*f£i*£*L-c^5 0 ±«(i2)^tt, ffi*tKis)t y y — 

7^^(26 L#) (16)3&*&4S y y — 7*(14) Srft^X 
S*(i)<^rt«FSf-tt. 3 ofifi%<D7K^ft:^ y ^> 

A7K^?g(L)^^^^ Tl/ N^ o iEte{3)tt N A^CDTK 

iit'fcot, ±«(i2)S:Jtii-rsiE«y— KODJdJ: 
53£»**xTir^So «ffi(2)tt. IE®OP]®rt(^ 

AtcfiiS^ffiSi-S J: 9 ±S(12) SrHiffi-ra 
ft«y-K(2l)^=:J:93t»S^^TV^a 0 IE«y-K(3 
l), A«y — K(2l)<Dte4Btt % ^^±^0±gI5T']E®ffi 
T(32), *@S^(22)fc^$^T^^ 0 !)9-7f(l 



(4) 
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fctf>f-Ktt e>*xT*5 9 . y y — :7 (16) OfBgpfc J: 

[K»-fe/uco«}ffl»«**«>a!l3e] ±BB«fi!i©K»-feyu 
co*ffifcLT\ *«K««SrttfflL, *»T\ 5 0mA/g 
-?8B#M*ESU l^*±Lfc«, SOmA/g^lfr 

(mAh/g)£ffi!]^L/c 0 

[ooi6] [tvu* y SF^ftffl^wffi^K] mum 

0#**R*&&»*1 0 OSSSBi:. y^ 
l/^^r^-T K(PEO) 5ii%^)7k^2 Oitaii: 
SriE^LT^— * hSrWJHU Y^^y^r^ 

Mb It, AAf*^ XOjEffi3tiES^TyP* y 
(mft&^fi: 1 0 0 0 mAh) Srf^Sl Ufco 
IT/I** VWW&<01£.3l] 7;u*yft?fi(5)tt, EI 2 
M^^ftK, jEffi(6)Xt>^ffi(7)d5, ■fe^U — *(8) 
Sr^LT#*btb*:*«-e, A«te(51)rttciR#£;h/C 
jES^m. jEffiy — K(6l)Sr^LTitPS(52) 
A«i<7)fifcftffiy — K(7l)Sr^L-C^ffiffi* 



6 

*53&B$*xT*5?K ttPS(52)fc(0»-&gBlcB:i»Sf4(^ 
^<s/*>-(53)3ft5K:fte>^ ffi*W6EB£nT^5o £tn 

^»iB J 5F L (62)iS3*5R$ixTi3 9, «ftrtffi*s»*JL#-t- 

#x&*^\ztfcm&tiZffif&X*3bZ> 0 IEte(6)tt>&*n 

10 7kMWL&&m L7t 0 

"cr^*y*«»<o«jffl»««a<o«^] stwao** 

ffiUTcm, iio.2cti.ov^tam swaswi 

iidt^^/H^ftl^i, mAh) £rffiiJ3feL-/c 0 
[0017] [KRteS] «Kffl<o*7K*KiB!^»* 

20 [0018] 



»* 

No. 










(mAh/g) 


(mA h) 


1 




X 


X 


0 


2 8 5 


8 2 0 


2 




O 


X 


0 


2 9 0 


8 4 0 


3 


HJt 


X 


0 


0 


2 9 0 


8 4 0 


4 


HLt 


X 


X 


X 


2 2 2 


6 2 0 


5 




0 


X 


X 


2 4 6 


6 7 5 


6 




X 


0 


X 


2 3 2 


6 4 0 



[ooi9]$i td&i^-c. t^js y mm. * 

it^tftU rxj WttaKtoSSrtT^fc^^ofcr: 

No. 4 — 6^b*S«ffi^it^<T. *iifi*^ 9 cOStrn 40 
M(mAh/g)TfooTt), TA-# y SfltjfcOj&S^iGiiA 

^&««rifc-t-::£:K:«fc?U t&**ffi<DBMfc«»18k Wlc 
«fcfeftffitf>N iXWCo«fB^-«fi8;*tLfciMk»ttl» 

»»a*fca:T^*y»as:aiiLfct&*N 
y toa^^^&^iaa^ffiUTv^u^t&^No. ia*e>fE so 



rt^b^^o No. 2fJ, ^MatcJ;9, ^Sp^K^tfl* 
fch<Db^z_t>ftZ> 0 No. 3 0\ Ty^U^l^ioT 

r^mm^m&zntcN i n i zkBMt^ c o 

[0 0 2 0] IgfefrJ 2 



(5) ¥fffl^9 - 2 3 7 6 2 8 
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Tx stakmRxj^r^ y&ioti, Tkmtf^mjz&m * [0021] 



No. 










(mAh/g) 


(mAh) 


7 




X 


X 


0 


2 9 2 


8 40 


8 


IhLL 


0 


X 


0 


2 9 8 


8 6 0 


9 


w± 


X 


0 


0 


2 9 4 


8 5 0 


1 0 


m± 


X 


X 


X 


17 0 


5 8 0 


1 1 


m± 


0 


X 


X 


2 2 1 


6 20 


1 2 


m± 


X 


0 


X 


2 0 2 


6 10 



[0022] g2^bKb^ftJ;5^ ±5 

0-12 ^bftsms^it^-c, *ffiiia *> oi&m^ 

t(mAh/g)T'fcoTt), TAo*7 y *W?fiO»m§fi(inAh) 

1>»*O«DBa^#v^fc*i:^^fo*LS 0 £/c, 3E1 
GQ$&*No. 4©ffliftlSi(ltit;V: 2 2 2 mAh/g. T 
^# y SmM: 6 2 OmAh) £ £>*No. 1 (DWMMcM^S. 
(St»-feyW: 2 8 5 mAh/g, TAo*7 y 8 2 OmAh), 30 

H(-^2 0^7feNo. 1 0(DWMHcM^M(nm^^: 1 7 
0 mAh/g. TjVfi y 5 8 OmAh) t^^No; 7 CD#J 

IM§t(^8t;U: 2 9 2 mAh/g. T/U* y 8 
4 OmAh) £ it <Brr£ 0 rttJ: 1 ?, ;*f;*T h^X&tcJ; 

fc^As, xvmfttz-m^&m-tz^ttm&o 40 

[0 0 2 3] 3Hfcffil3 



fc D Ni(^«IS$S:[g3, C o icK-T5^mSr[a4 

{r^-T 0 ft*5 s 7k*KiK-&^OjffiA8;ttMmN i 3 .iCo 
A 1 o. 3M n o. etfc 5 , »*tt««^»»»*Srffiffl L 
fee H3Sr#Ki-St, Tk^^il^SmJ, N i Wk\\L 
fe^NiTKSfttot^^f^ n i (D&mm^k Y> i>M 

froit&, ykm^f^Myo^mmn, n i itttN i * 
^STciE&aflfr^ttx c o7K^t4*^tr— ^tt, co^ 

JRJS^F-J:?) tffi^ofcds. TK^^^aTcAaaStt, Co 

[0 0 2 4] jflftftU 
fS^^E^ttMm N i 3 . 1 C o A 1 o. 3M n o. 6 -C& 

So 

[0 0 2 5] 
[*3] 



(6) 
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10 



No. 




M CC) 


(mAh/g) 


(mAh) 


1 3 




5 0 


2 5 0 


680 


1 4 




10 0 


285 


8 2 0 


1 5 


m± 


3 00 


2 8 5 


820 


1 6 


ra± 


5 00 


2 8 6 


825 


1 7 


Ie3± 


5 5 0 


2 5 0 


6 7 5 


1 8 




5 0 


2 2 5 


6 3 0 


1 9 




100 


29 2 


8 3 5 


2 0 




3 00 


29 2 


8 4 0 


2 1 




5 00 


2 9 1 


8 4 0 


2 2 


|5)± 


5 50 


2 2 4 


6 2 5 



[0 0 2 6] *3t, t&i£$&*No. 1 3 —No. 1 7 1 
f^m^X 9 5 , No. 1 8~No. 2 2tt#77 

*^f^#H5t^jaft^S i o 0°C— 5 O 0°CO,t £fC N i£ 20 

ffiMs o co^ms* (mAh/g) , r v wmm<D%tm 

(0»H^iaftdS5 *&f£*ffiO 

»i:3fx.£>**L5o 30 
[0 0 2 7] 



[oo2 8] ±.mmmm<Dmmn, *¥£w&mm-tz>*L 
[El 2] r^*y^«?a^BfffiBi-e*>So 

[0 3] N i OX P S^lfrie*^t^7 7T'fc5o 
[El 4] C o OX P S^g*^/Tt^7 7Tfe5 0 

[fff^RW] 

( 1 ) KSH:^ 

(2) ^ 

( 5 ) r^^7 v wmm 

(7) A® 



(7) 
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7Dy h-<— i?<Dm% 



^B5^P7fj^l^*ii2TS 5#5-§- 
(72) *W* MJS *?& 



